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Objectives: To date, studies have not comprehensively demonstrated the relationship between stroke incidence and socioeconomic sta- 
tus. This study investigated stroke incidence by household income level in conjunction with age, sex, and stroke subtype in Korea. 
Methods: Contributions by the head of household were used as the basis for income levels. Household income levels for 21 766 036 
people were classified into 6 groups. The stroke incidences were calculated by household income level, both overall within income 
categories and further by age group, sex, and stroke subtype. To present the inequalities among the six ranked groups in a single val- 
ue, the slope index of inequality and relative index of inequality were calculated. 

Results: In 2005, 57 690 people were first-time stroke patients. The incidences of total stroke for males and females increased as the 
income level decreased. The incidences of stroke increased as the income level decreased in those 74 years old and under, whereas 
there was no difference by income levels in those 75 and over. Intracerebral hemorrhage for the males represented the highest in- 
equality among stroke subtypes. Incidences of subarachnoid hemorrhage did not differ by income levels. 

Conclusions: The incidence of stroke increases as the income level decreases, but it differs according to sex, age, and stroke subtype. 
The difference in the relative incidence is large for male intracerebral hemorrhage, whereas the difference in the absolute incidence is 
large for male ischemic stroke. 
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INTRODUCTION 

Although the number of deaths from stroke has been steadi- 
ly decreasing since the twentieth century in developed coun- 
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tries, the prevalence and incidence of stroke has not been sig- 
nificantly reduced because of the aging of populations and 
the development of diagnostic techniques [1,2]. 

While advances in medical technology have increased the 
percentage of patients that survive after stroke, there is also 
an increasing trend in the number of disabled stroke patients 
[3]. The incidence of stroke significantly increases with age; 
approximately 75% to 89% of stroke incidence occurs in indi- 
viduals 65 years and over [4]. 

As of 2011, 17 studies on the relationship between stroke 
incidence and socioeconomic status showed mixed results that 
depended on how occupation, education, income, wealth, and 
the deprivation index were measured [5-21]. Overall, the inci- 
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dence of stroke was found to be negatively associated with 
socioeconomic status. This trend was similar regardless of 
whether the study subjects were males or females, had re- 
gional or national residence, were over or under 65 years old, 
or had an ischemic or hemorrhagic stroke subtype. However, 
in some cases, groups over the age of 65 or 75 with high so- 
cioeconomic status had a higher incidence of stroke than the 
group with lower socioeconomic status [16,18,21]. 

To date, studies have not included men and women of all 
ages and stroke subtypes. Therefore, those studies cannot 
comprehensively demonstrate the relationship between stroke 
incidence and socioeconomic status. 

Accordingly, we investigated the relationship between stroke 
incidence and socioeconomic status by targeting the general 
public in Korea and including both sexes, all ages, and all 
stroke subtypes. 

METHODS 

Study Population 

Stroke patients in 2005 were defined as patients who were 
admitted to the hospital (inpatients) between January 1 and 
December 31, 2005 with stroke as the principal or secondary 
diagnosis. Individuals were excluded if they had been hospi- 
talized between 1998 and 2004 with stroke as the principal or 
secondary diagnosis. Therefore, the study subjects had been 
admitted to the hospital with stroke as the principal or second- 
ary diagnosis for the first time, and they had no previous re- 
cord of hospitalization from stroke. Following the diagnostic 
codes of the International Classification of Diseases (10th revi- 
sion), the stroke subtypes were classified as I60-I69 for total 
strokes, I63 for ischemic stroke, I60-I62 for hemorrhagic stroke, 
161 for intracerebral hemorrhage (ICH), and 160 for subarach- 
noid hemorrhage (SAH). 

The sample included 21 766 036 people (46.3% of the total 
population of Korea in 2005), including the "self-employed in- 
sured" with National Health Insurance and Medical Aid benefi- 
ciaries [22] (similar to Medicaid in the US). Income-related data 
were attached to this information. Demographic variables (sex 
and age), the type of medical coverage (self-employed insured 
with National Health Insurance and Medical Aid beneficiaries), 
and income-related data (contributions) were included. 

The National Health Insurance "employee insured,"who con- 
stitute almost half of the nation's population, were excluded 
from the analysis because these individuals do not have the 



burden of providing additional contributions for registering 
dependents; instead, they register their dependents for Na- 
tional Health Insurance even if they are not living together, 
which reduces the contribution burden. Most dependents of 
the self-employed insured actually live with the insured per- 
son and have a similar income level. In contrast, many depen- 
dents of the employee insured do not live at the same residence 
and may be at different income levels. Therefore, they were 
excluded from the analysis. 

Socioeconomic Status 

The target population was divided into self-employed insured 
and Medical Aid beneficiaries. The self-employed insured were 
subdivided into five groups based on income level. That is, the 
self-employed insured were first arranged according to their 
contribution score and then divided into quintiles. We classi- 
fied the top 20% as group 1 (contribution score, over 712), the 
top 21% to 40% as group 2 (contribution score, 503 to 71 1), the 
top 41% to 60% as group 3 (contribution score, 351 to 502), the 
top 61% to 80% as group 4 (contribution score, 207 to 350), 
and the bottom 20% as group 5 (contribution score: 0 to 206). 
Medical Aid beneficiaries were classified separately. Contribu- 
tions by the head of household were used as the basis for in- 
come levels. At the time of the study, dependents applied their 
contributions to the head of household. Contributions were 
reported by December 31, 2004, which is directly before the 
determination of stroke incidence in 2005. 

Statistical Analyses 

Age-standardized rates were based on 100 000 people and 
were calculated using the direct method by five-year age units. 
For the standard population, the five-year age distribution for 
the 2005 Korea census population was used. 

To present the inequalities among the six ranked groups into 
a single value, two types of regression-based measurements 
were used. Using the slope index of inequality (Sll) and the rela- 
tive index of inequality (Rll), we analyzed the absolute and rela- 
tive differences in stroke incidence. The Sll shows the absolute 
numerical difference in stroke incidence between the lowest in- 
come groups and the highest income group, while the Rll 
shows the relative numerical difference in stoke incidence be- 
tween the two groups. The Sll and the Rll have the advantage of 
representing the inequalities of the entire population as a single 
indicator. The indices compare the differences in incidences or 
mortality rates for each social class, taking into account the 
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population size for each social class [23]. The Rll was calculated 
using logistic regression, and the Sll was calculated using Pois- 
son regression. All of the analyses were completed using the 
computer software SAS version 9.2 (SAS Inc., Cary, NC, USA). 

RESULTS 

In 2005, 57 690 people were admitted to the hospital as first- 
time stroke inpatients (160-169). Among them, 34 586 patients 
had ischemic stroke (163, 59.9% of total strokes), and 1 2 632 pa- 
tients had hemorrhagic stroke (I60-I62, 21.9% of total strokes). 
When the hemorrhagic stroke was subdivided, 7656 patients 
had ICH (161, 13.3% of total strokes and 60.6% of hemorrhagic 
stroke), and 3324 patients had SAH (I60, 5.8% of total strokes 
and 26.3% of hemorrhagic stroke). 

The age-standardized incidences of total stroke (I60-I69) for 
males and females increased as the income level decreased 
(Table 1). In males, the age-standardized incidence of total 



stroke for Medical Aid beneficiaries was approximately two 
times higher than that of group 1. In contrast, Medical Aid ben- 
eficiaries 85 years and older had a lower incidence of stroke 
than the self-employed insured in groups 1 to 5. In females, 
the age-standardized incidence of total stroke for Medical Aid 
beneficiaries was approximately 1.7 times higher than that of 
group 1. 

Table 2 compares the males' relative ratio of the incidences 
by income groups, with group 1 as the reference group, for 
each stroke subtype in the age groups 44 years and under, 45 
to 59 years, 60 to 74 years, and 75 years and over. The incidence 
of total stroke and ischemic stroke increased as the income 
level decreased for individuals 74 years and under, whereas for 
individuals 75 years and over, there was no difference in the 
relative ratio of the incidences by income groups. The incidence 
of hemorrhagic stroke and intracerebral hemorrhage for Medi- 
cal Aid beneficiaries was lower than the rates for those that 
were self-employed insured and 60 years and over. For individ- 



Table 1. Incidence (per 100 000) of total stroke by age, sex, and socioeconomic status group in Korea, 2005 



Group 1 



Group 2 



Group 3 



Group 4 



Group 5 



Medical Aid 
beneficiaries 





No. of 
cases 


Rate 


No. of 
cases 


Rate 


No. of 

cases 


Rate 


No. of 

cases 


Rate 


No. of 

cases 


Rate 


No. of 

cases 


Rate 


Male 


























<24 


74 


9.69 


61 


7.35 


56 


6.73 


62 


7.86 


39 


7.79 


36 


28.57 


25-34 


60 


22.11 


88 


32.60 


97 


33.15 


104 


29.79 


157 


36.53 


30 


180.36 


35-44 


291 


88.94 


405 


95.77 


451 


94.16 


520 


101.85 


592 


123.70 


173 


393.62 


45-54 


1045 


235.35 


1025 


243.80 


961 


257.78 


975 


278.04 


1177 


332.92 


464 


778.82 


55-64 


1490 


532.66 


1215 


621.72 


1077 


676.70 


1057 


738.02 


1497 


777.10 


459 


1307.28 


65-74 


1490 


1216.16 


990 


1194.49 


1064 


1314.09 


1378 


1409.12 


2091 


1441.36 


700 


1770.67 


75-84 


783 


2243.10 


574 


2381.94 


476 


2043.62 


718 


2293.31 


1304 


2256.48 


504 


2260.90 


>85 


207 


2655.54 


113 


2369.46 


117 


2881.77 


116 


2429.31 


290 


2666.66 


71 


2159.36 


Total 


5440 


241.69 


4471 


198.70 


4299 


191.61 


4930 


216.67 


7147 


329.57 


2437 


703.59 


Standardized to: 
2005 Korean Census 




251.44 




264.70 




271.97 




291.17 




307.73 




511.99 


Female 


























<24 


53 


8.19 


49 


6.80 


55 


7.48 


46 


6.60 


38 


8.15 


16 


13.80 


25-34 


39 


16.67 


61 


23.87 


54 


18.03 


77 


23.62 


104 


26.03 


12 


68.20 


35-44 


205 


54.52 


236 


52.86 


275 


59.58 


254 


57.11 


282 


68.50 


93 


160.03 


45-54 


702 


157.34 


605 


156.97 


596 


183.76 


561 


189.36 


690 


214.65 


199 


393.32 


55-64 


916 


394.82 


743 


453.35 


714 


475.02 


834 


536.77 


1068 


520.49 


448 


909.36 


65-74 


1281 


1087.36 


1040 


1096.78 


1108 


1140.45 


1460 


1183.06 


2504 


1157.95 


1629 


1559.15 


75-84 


1174 


1911.86 


891 


1908.16 


832 


2004.09 


861 


1835.03 


2460 


2082.73 


1679 


2223.13 


>85 


420 


2125.82 


261 


1981.32 


222 


2112.27 


202 


1952.82 


551 


2167.32 


366 


2142.73 


Total 


4790 


224.49 


3886 


182.75 


3856 


181.95 


4295 


204.60 


7697 


355.72 


4442 


909.20 


Standardized to: 




199.76 




205.69 




217.83 




221.62 




229.77 




342.34 



2005 Korean Census 
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Table 2. Male relative ratio by age, socioeconomic status group, 
and stroke subtype 



Table 3. Female relative ratio by age, socioeconomic status 
group, and stroke subtype 





Group 
1 


Group 
2 


Group 

3 


Group 
4 


Group 
5 


Medical 
Aid ben- 

pfipiaripQ 

GlltrlCII ICO 




Group 
1 


Group 
2 


Group 
3 


Group 
4 


Group 
5 


Medical 
Aid ben- 

pfiriaripQ 


Total (160-169) 














Total (I60-I69) 














<44 


1.0 


I.I/ 


101 

I ,z 


1 00 
I .00 


1 7n 

i ./y 


/I 1 1 

4. 1 I 


<44 


1.0 


1 no 
I .Uo 


1 nn 

i .uy 


1 nn 

i .uy 


1 /in 
1 .4U 


0 C7 

Z.b/ 


45-59 


1.0 


1 nc 
I .Ub 


111 
I.I 


1 1 c 

Lib 


1 /1 0 

1 .43 


o nn 

3.uy 


45-59 


1.0 


1 no 
I .UZ 


1 1 c 

Lib 


1 on 

i .zy 


1 oo 
1 .38 


O C7 

Z.b/ 


60-74 


1.0 


1 nc 
I .Ub 


1 1 c 
Lib 


1 on 

i .zy 


1 on 
I .oU 


1 7C 
I .ID 


60-74 


1.0 


1 nc 
I .Ub 


1 1 n 
LIU 


1 1 c 

Lib 


117 
I.I/ 


171 
I ./ I 


>75 


1.0 


1 no 
I .U6 


n n/i 


1 nn 
I .UU 


1 nn 
I .UU 


n n7 
U.y/ 


>75 


1.0 


n no 

u.yo 


1 no 
I .Uo 


n nc 

u.yb 


1 n7 
I .Ml 


110 

LIZ 


Age-standardized 
incidence 


1.0 


1.05 


1.08 


1.16 


1.22 


2.04 


Age-standardized 
incidence 


1.0 


1.03 


1.09 


1.11 


1.15 


1.71 


Ischemic stroke (163) 












Ischemic stroke (I63) 












<44 


1.0 


117 
I.I/ 


1 on 
I .oU 


1 on 

i .zy 


1 Q1 
I .0 I 


AAA 

4.44 


<44 


1.0 


n no 

u.yo 


117 
I.I/ 


1 on 

i .zy 


1 /ic 
1 .4b 


o nc 
o.yb 


45-59 


1.0 


1 nc 
I .Ub 


1 n7 
I .U/ 


1 no 
I .Uo 


1 OC 

1 .3b 


0 10 

J. I Z 


45-59 


1.0 


1 nn 

i .uy 


1 07 
I .11 


1 on 

i .jy 


1 /in 
1 .4U 


o on 
o.ZU 


60-74 


1.0 


1 n7 
I .U/ 


117 
I.I/ 


1 oc 
I .Zb 


101 

1 .6 I 


1 70 
I .11 


60-74 


1.0 


1 no 
I .Uo 


11/1 

1.14 


110 

I. lo 


1 O/l 

I .Z4 


1 QO 
I .00 


>75 


1.0 


1 no 
I .Uo 


n nc 
U.sb 


1 nn 
I .UU 


1 m 
I .U I 


1 m 
I .U I 


>75 


1.0 


n nc 

u.yb 


1 no 
I .UZ 


n n7 

u.y/ 


1 no 
I .Uo 


11/1 

1.14 


Age-standardized 
incidence 


1.0 


1.06 


1.09 


1.12 


1.20 


1.87 


Age-standardized 
incidence 


1.0 


1.04 


1.12 


1.13 


1.16 


1.75 


Hemorrhagic stroke (160-162) 












Hemorrhagic stroke (I60-I62) 












<44 


1.0 


1 on 
I .ZU 


117 
I.I/ 


1/11 
1 .4 I 


1 oc 
I .ob 


O C7 

Z.b/ 


<44 


1.0 


1 no 
I .Uo 


1 1 c 

Lib 


110 

I. IZ 


1 C 1 

I .b I 


1 oc 
1 .00 


45-59 


1.0 


101 

1 .1 1 


1 oc 
1 .00 


1 ci 
I .b I 


1 7C 

I ./b 


1 C7 
I .0/ 


45-59 


1.0 


1 no 
I .Uo 


10/1 

1 .Z4 


1 A C 

1 .4b 


1 71 
I ./ I 


1 cc 
I .bb 


60-74 


1.0 


111 
1 . 1 1 


1 oo 
I .ZZ 


1 cn 
I .bU 


1 /in 

1 .4y 


1 nc 
I .Ub 


60-74 


1.0 


1 nc 
I .Ub 


1 no 
I .Uo 


1 1 o 

Lib 


1 n/i 
1 .U4 


n oo 
U.8Z 


>75 


1.0 


1 1 n 
I . IU 


1 no 
I .UZ 


110 

I. lo 


1 n7 
I .U/ 


n oc 
UJb 


>75 


1.0 


1 n7 
I .U/ 


117 
I.I/ 


n no 

u.yo 


n no 

u.yo 


n /i o 
U.4Z 


Age-standardized 
incidence 


1.0 


1.15 


1.19 


1.37 


1.45 


1.51 


Age-standardized 
incidence 


1.0 


1.07 


1.17 


1.20 


1.24 


1.02 


ICH (161) 














ICH (161) 














<44 


1.0 


11/1 

1.14 


110 

1 . 1 0 


1 ci 
I .b I 


1 no 

I .y3 


O CO 

Z.bZ 


<44 


1.0 


1 1 n 

i . i y 


10/1 

1 .Z4 


1 00 

1 .16 


1 cc 
I .bb 


1 A C 

1 .4b 


45-59 


1.0 


1 on 
I .oU 


1 A~l 

1 .4/ 


1 C7 
I .0/ 


o no 
Z.UZ 


1 nc 
I .ab 


45-59 


1.0 


1 on 

i .zy 


1 A C 

1 .43 


1 QO 
1 .00 


o oo 
Z.Zo 


O /17 

LAI 


60-74 


1.0 


1 oo 
1 .16 


1 oc 
1 .3b 


1 C/l 

1 .04 


1 cn 
I .bU 


1 n7 
I Ml 


60-74 


1.0 


110 

Liz 


1 on 
1 .3U 


1 OC 

l.Zb 


117 
I.I/ 


n nc 

u.yb 


>75 


1.0 


1 OQ 
I .Zo 


1 1 c 

Lib 


1 07 
I J/ 


1 1 n 

i . i y 


n 01 
U.3 I 


>75 


1.0 


1 nn 
I .UU 


110 

LIZ 


n m 

u.y I 


n no 

u.yo 


n /in 
U.4U 


Age-standardized 
incidence 


1.0 


1.23 


1.29 


1.54 


1.61 


1.54 


Age-standardized 
incidence 


1.0 


1.14 


1.29 


1.28 


1.33 


1.17 


SAH (160) 














SAH (I60) 














<44 


1.0 


1.49 


1.28 


1.43 


1.69 


0.94 


<44 


1.0 


1.02 


1.07 


1.02 


1.49 


0.51 


45-59 


1.0 


1.07 


1.18 


1.21 


1.17 


0.72 


45-59 


1.0 


0.91 


1.12 


1.12 


1.38 


0.65 


60-74 


1.0 


1.17 


1.19 


1.73 


1.45 


0.25 


60-74 


1.0 


1.00 


0.85 


1.00 


0.92 


0.47 


>75 


1.0 


0.92 


0.68 


0.67 


1.28 


0.52 


>75 


1.0 


1.12 


1.19 


0.86 


1.01 


0.23 


Age-standardized 
incidence 


1.0 


1.20 


1.14 


1.27 


1.28 


0.80 


Age-standardized 
incidence 


1.0 


1.02 


1.02 


1.05 


1.16 


0.56 



ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage. 

uals aged 75 and over with hemorrhagic stroke, the incidence 
for Medical Aid beneficiaries was only 0.36 times the rate for 
group I.The relative ratio of the incidence for males with sub- 
arachnoid hemorrhage was lower for all ages among Medical 
Aid beneficiaries than among the self-employed insured. 

The relative ratio of total stroke and ischemic stroke inci- 
dences for females increased as the income level decreased 
for all ages (Table 3). The relative ratio of the hemorrhagic stroke 



ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage. 

incidence for females had similar characteristics to the relative 
ratio of the hemorrhagic stroke incidence for males. The differ- 
ence in incidences by income levels was greater for males than 
for females. For individuals 60 years and over other than Medi- 
cal Aid beneficiaries, there was almost no difference in the rel- 
ative ratio of the hemorrhagic stroke incidence for each income 
level. For males with hemorrhagic stroke, the relative ratio of 
the incidence increased as the income level decreased for those 
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45-54 55-( 
Age (y) 



Group 1 



Group 2 



Group 3 



■ Group 4 -*- Group 5 



Medical Aid benefieiaries 



Figure 1. Age-specific incidences by sex, socioeconomic status group, and stroke subtype (per 100 000). (A) Age-specific incidenc- 
es of ischemic stroke in males. (B) Age-specific incidences of ischemic stroke in females. (C) Age-specific incidences of hemorrhagic 
stroke in males. (D) Age-specific incidences of hemorrhagic stroke in females. 



under the age of 75, and there was not much difference be- 
tween the income levels for those aged 75 and over; for fe- 
males, the pattern changed starting at age 60. That is, the dif- 
ference in the females' relative ratio of hemorrhagic stroke in- 
cidence according to income level did not show a consistent 
pattern for those 60 and over. Moreover, for female Medical 
Aid beneficiaries aged 60 and over, the hemorrhagic stroke in- 
cidence was lower than the incidence for self-employed insured 
of the same age. For those 75 and over, the incidence for Med- 
ical Aid beneficiaries was 0.42 times that of group 1 . The rela- 
tive ratio of the incidence for females with subarachnoid hem- 
orrhage was lower for all ages in Medical Aid beneficiaries than 
in the self-employed insured. 

Figure 1 shows graphs of age-specific incidences, separately 
by sex for ischemic stroke (I63) and hemorrhagic stroke (I60-I62) 
by 10-year age cohorts in each income level. For ischemic stroke, 
Medical Aid beneficiaries had a higher ischemic stroke inci- 
dence than the self-employed insured both males and females. 
In the case of hemorrhagic stroke for both males and females 
aged 64 and under, the incidence was higher for Medical Aid 
beneficiaries than for the self-employed insured. However, for 



Table 4. Rll (95% CI) and Sll (per 100 000) by sex and stroke 
subtype 





Rll (95% CI) 


Sll 


Male 






Total 


1.573(1.510,1.639) 


212.3 


Ischemic stroke 


1.493(1.416,1.574) 


110.9 


Hemorrhagic stroke 


1.605(1.476,1.746) 


29.8 


ICH 


1.791 (1.613,1.990) 


20.4 


SAH 


1.168(0.972,1.405) 


-0.5 


Female 






Total 


1.394(1.338,1.452) 


118.1 


Ischemic stroke 


1.440(1.366,1.518) 


70.5 


Hemorrhagic stroke 


1.036(0.945, 1.135) 


4.9 


ICH 


1.067(0.945, 1.206) 


5.2 


SAH 


0.905(0.772,1.061) 


-3.8 



Rll, relative index of inequality; CI, confidential interval; Sll, slope index of 
inequality; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage. 



the 65 and over group, the incidence for Medical Aid benefi- 
ciaries was even lower than for the self-employed insured. For 
ages 85 and above, group 1 had the highest incidence of male 
hemorrhagic stroke among the self-employed insured and 
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Medical Aid beneficiaries. 

Table 4 shows the Sll and the Rll by sex and stroke subtype. 
Note that the Rll divides the Sll by the average health levels of 
the entire group. For males, the intracerebral hemorrhage Rll 
was 1.791, which represented the highest inequality among 
the subtypes. These inequalities in the incidence of stroke ac- 
cording to income level were statistically significant. However, 
subarachnoid hemorrhage did not show statistical significance. 
For females, the ischemic stroke Rll was 1 .440, whereas the Rll 
for total strokes was 1 .394. These inequalities were statistically 
significant; however, hemorrhagic stroke, intracerebral hemor- 
rhage, and subarachnoid hemorrhage did not show statistical- 
ly significant inequalities in the incidence of stroke. An exami- 
nation of the males' Sll showed that the incidence of total stroke 
per 100 000 individuals in the lowest income group was high- 
er than in the group with the highest income level; there were 
21 2.3 more males for total strokes. Subarachnoid hemorrhage 
occurred less frequently by 3.8 patients for the females. 

DISCUSSION 

This study showed that the incidence of stroke increased as 
the income level decreased, but there were slightly different 
patterns than in previous studies. These patterns can be sum- 
marized in three points. 

First, for total strokes in individuals aged 75 and over, with- 
out subtype or sex distinctions, there were no differences in 
the incidence of stroke by income level, but there was an in- 
creasing trend in the incidence in the high income level group. 
Studies by van Rossum et al. [5], Avendano et al. [1 5], and Gri- 
maud et al. [21] reported no differences in the incidences of 
stroke by income level and no increases in the incidence of 
stroke at high income levels for those aged 75 and over. The 
reduced effects of socioeconomic status on stroke incidence 
for individuals over a certain age can be explained by two hy- 
potheses. The first hypothesis is that of "selective survival", in 
which more people in the low-income bracket die, for various 
reasons, than those in the high-income bracket. As a result, 
aging survivors in the low-income bracket are more likely to 
be selected among healthy individuals and cannot be com- 
pared with individuals in the high-income bracket [16,18,21]. 
This trend can be observed in our study, but the age at which 
the effects of socioeconomic status on stroke are reduced was 
different for each stroke subtype. Furthermore, the present 
finding that socioeconomic status was not relevant to the inci- 



dence of subarachnoid hemorrhage may be considered a new 
discovery. The second hypothesis was that of a "cohort and pe- 
riod effect" which means that the extent of the effect of socio- 
economic status on the stroke incidence varies according to 
the "cohort" or the "period". For example, variation in socioeco- 
nomic status and variation in risk factors related to socioeco- 
nomic status in the aging population is smaller compared to 
other groups. Thus, the relationship between socioeconomic 
status and stroke incidence can be weaker than it is in lower 
age groups [18]. 

Second, in case of hemorrhagic stroke and intracerebral 
hemorrhage, for males under age 75 and females under age 
60, there was a trend toward an increasing incidence of stroke 
as the income level decreased. However, over these ages, we 
were unable to find consistent characteristics linking stroke 
and income level. For the poverty bracket (Medical Aid benefi- 
ciaries), individuals aged 60 and over had lower incidence of 
stroke than the top 20% income bracket. Although there have 
been many previous studies on total strokes with no distinction 
among stroke subtypes, there have been relatively fewer stud- 
ies that distinguish between hemorrhagic stroke and intrace- 
rebral hemorrhage. In 2008, Li et al. [19] found that the rela- 
tionship between income and hemorrhagic stroke was not 
statistically significant (malesp=0.1 8, femalesp=0.21 ). A 2009 
study by Cesaroni et al. [20] showed that for males, the highest 
risk of stroke, which was statistically significant, was found in 
groups 2, 4, and 5, where group 1 was the highest income lev- 
el; for females, a statistically significant risk of stroke was high 
only in group 5, the lowest income level. In 2001, Jakovljevic 
etal. [10] considered intracerebral hemorrhage. Compared to 
the group with the highest income level, the risk of stroke in- 
creased as the income level decreased in males and females 
aged 25 to 59 and in males 60 to 74 years old. However, for fe- 
males 60 to 74 years old, the middle income group had the 
highest risk of stroke, and the group with the lowest income 
had the lowest risk of stroke. As shown in the above studies, 
there have been inconsistent findings on the relationship be- 
tween the risk of hemorrhagic stroke and income level. More- 
over, it is difficult to directly compare previous studies with 
the present study because they did not include ages 75 years 
old and above or they did not subdivide the ages. This may be 
because the incidence of hemorrhagic stroke is relatively small- 
er than the incidence of ischemic stroke in developed coun- 
tries, which conduct most stroke research. Therefore, the inci- 
dence of hemorrhagic stroke may have been too small to di- 
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vide into a subtype. 

Third, in the case of subarachnoid hemorrhage for males and 
females, we were unable to find a consistent relationship be- 
tween income level and incidence. In a 2001 study by Jakov- 
Ijevic et al. [1 1 ], the risks of stroke were higher in the lower in- 
come groups than in the high income group, but the risks of 
stroke did not increase as the income level decreased. 

The present study makes a number of contributions. First, 
the findings are nationally representative because the study 
subjects were the self-employed insured and Medical Aid ben- 
eficiaries who nationwide, and they comprised nearly half of 
Korea's total population. Second, the analysis of stroke by so- 
cioeconomic status was completed by subdividing the groups 
by age, sex, and stroke subtype. Individuals 75 years old and 
over were included without restrictions on age, and the sub- 
types of ischemic stroke, hemorrhagic stroke, and subarach- 
noid hemorrhage were also examined. Considering that the 
percentage of female ischemic stroke patients 75 and over 
was 35.8% of all female stroke patients, the inclusion of indi- 
viduals aged 75 and over is critical for future studies of stroke. 
Third, our study showed the disparities of stroke incidence by 
using a single index (Sll and Rll). Although many studies have 
used Sll and Rll, most of them have used the index of self-rat- 
ed health status [24-26] or mortality [26-29]. Regarding the in- 
cidence, only one study has addressed cancer using the Sll 
and Rll [29]. Finally, this study increased the accuracy of stroke 
diagnosis with the National Health Insurance inpatient medi- 
cal expense claims data. A study in Korea analyzed the diag- 
nostic accuracy of medical insurance claims for the year 2000: 
the inpatient diagnosis accuracy for ischemic stroke of 83.4%, 
and the diagnosis accuracy for hemorrhagic stroke of 85.7% 
[30] , which were used in this study, are considered compara- 
ble to those reported in foreign studies. 

There are some weaknesses of this study. First, the employ- 
ee insured were excluded from the sample. We cannot say that 
the risk of stroke according to socioeconomic status is identi- 
cal between self-employed insured and employee insured. 
Therefore, the generalizability of our results to all stroke pa- 
tients is limited, although the exclusion of the employee in- 
sured might not have much influence on the results, consider- 
ing that most of the employee insured are under 65 years old, 
whereas stroke mainly occurs in those 65 years old and above. 
Second, the results of this study do not indicate the indepen- 
dent effects of income on stroke incidence, as other dimensions 
of socioeconomic status such as education and occupation 



were not considered. Third, we could not explain our specific 
finding that the intracerebral hemorrhage incidence of group 1, 
which had the highest income level, increased continuously 
with age, while the incidences of other income groups decreased 
in those aged 75 and above. Therefore, future research needs 
to explore the reason for this. 

Studies on the relationship between socioeconomic status 
and stroke must include individuals who are 75 years old and 
older. Particularly for the study of ischemic stroke in females, 
the percentage of ischemic stroke occurring in individuals aged 
75 and above is more than 30%; therefore, we believe that the 
exclusion of this age group can distort the findings on the re- 
lationship between socioeconomic status and stroke. Further- 
more, analyzing stroke without distinguishing sex, age, or stroke 
subtype makes it difficult to design effective policy alterna- 
tives for the management of each stroke subtype. Therefore, 
the patterns of stroke risks according to socioeconomic status 
should be examined in detail. As male intracerebral hemor- 
rhage was the subtype with the greatest relative risk by income 
level in this study, studies focusing on male intracerebral hem- 
orrhage would be helpful to mitigate the relative inequalities 
of experiencing a stroke. 
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